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HERSCHEL S. ZACKHEIM, M.D.
In a previous report (1) the production of basal
cell epitheliomas in rats by the topical applica-
tion of anthramine nnd methylcholanthrcne was
described. The various varieties of these tumors
closely resemble those found in man. The present
study reports the earliest microscopic foci of
these growths.
METHODS
Anthraminet (2 amino-anthracene), 0.18 cc. of a
saturated (approximately 1%) solution in acetone,
was applied twice weekly and methylcholanthrene,
0.18 cc. of a 0.3% solution in acetone, was applied
three times weekly with a pipette to the unshaved
and unepilated mid-back region. The applications
were continued until the time of removal of
biopsy specimen except as otherwise noted.
All rats were Fisher albinos with the exception
of one black hooded rat. There were 22 females
and 8 males in the anthramine group, and 12
females and 3 males in the methylcholanthrene
group. The sex of six rats was not recorded. Since
in our first report there was a preponderance of
males, and in this study a preponderance of
females, there appears to be no sex difference in
response to these carcinogens. The age of the rats
at onset of treatment ranged from 2 to 6 months.
The 18 rats painted with methylcholanthrene
were examined by biopsy from 90—310 days after
onset of treatment. The 33 rats treated with
anthramine were biopsied from 90—373 days after
onset of treatment. The tissues were fixed in
buffered formalin. Paraffin sections were cut at
five and ten microns and stained with hematoxylin
and eosin, toluidin blue, and the periodic acid
Schiff reagent. All reported observations were
made from serial sections.
Six female rats were treated with acetone to the
mid-back region twice weekly for approximately
one year as a control for the carcinogens. No
gross or microscopic tumors were found in the
treated areas in this group. In one of these, how-
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ever, an apparent spontaneous trichoepithelioma,
to be described later, was discovered.
Gross Observations
No visible changes were seen until about eight
to nine months after onset of treatment. At that
time in both groups small red papules, about 1.0
mm. in size, were seen in the treated areas. By
this time, slight thinning of the hair had usually,
but not always, occurred. On closely clipping the
treated area, the surface was found to be studded
with these tiny papules. Sections revealed the
papules uniformly to be small basal ccli epi-
theliomas. They were, however, already too far
advanced for their exact origin to be determined.
Therefore, biopsy specimens from the treated,
but grossly normal, skin were taken at 30-day
intervals after onset of applications.
Microscopic Observations
Small proliferations of dark staining basal
cells were found as early as four months in the
mcthylcholanthrcnc treated rats and at five
months in the anthraminc group. At six and
seven months numerous foci were present in
both groups. Good examples of early foci could
be found at later dates, as well.
The most superficial early nests were located
at the ostia of the hair follicles. (It should be
pointed out here that the rat has no apocrinc
sweat glands, and has cccrine sweat glands only
on the digital paws.) Very early lesions showed
only one side of the ostium to be involved and
this was always the posterior surface of the
follicle, i.e. the surface making an obtuse angle
with the epidermis (2) (Fig. 1, 2). When both
sides of the ostium were involved, the posterior
surface had the more extensive lesion. Further
enlargement of the ostial growths lcd to a funnel-
shaped tumor (Fig. 3). These funnel-shaped
lesions were the most common type of early
tumors in the anthramine group.
Prolifcrations of basal cells in the deeper por-
tion of the follicle without ostial involvement was
found in both groups, but more commonly with
mcthylcholanthrcnc. The deep origin was actually
the predominant focus in the methylcholanthrene
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group and numerous such growths were found at
four months.
It was not immediately apparent if the deep
growths originated from the sebaceous glands,
the walls of the follicular canals, or both. How-
ever, the sebaceous glands were often found to
be the site of basal cell proliferations with only
slight or no obvious involvement of the opposite
or adjacent follicular walls. Favorable sections
showed a few foam cells remaining in glands that
were almost entirely replaced by proliferating
germinative cells (Fig. 4). Occasionally only the
proximal or the distal portion of the gland was
involved.
Fio. 1. Basal cell proliferation from posterior surface of ostium. The depth of this lesion, as calculated
from serial sections, was 115 microns. Rat treated with methylcholanthrene for 180 days. H & E, 185 1<.
Fio. 2. Early ostial proliferation, more advanced on posterior surface. From growing guard hair of
rat treated with anthramine for 90 days and biopsied at 294 days. H & E, 204X.
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FIG. 3. Typical funnel shaped superficial nest showing progression of the ostial lesion. Anthramine
treated rat, 240 days. H & E, 204 X.
Fiu. 4. Basal cell proliferation within sebaceous gland. A few sebaceous cells remain. There is slight
involvement of the opposite follicular wall. Methyicholanthrene rat, 180 days. H & E, 225 X.
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FIG. 5. The entire sebnceous gland has been replaced by the tumor, hut characteristic vacuoles,
probably indicating dissolved lipids, remain. The tumor has extended proximally and distally along the
follicular walls. There is also a secondary bulge on the same (posterior) surface of the follicle as that of
the sebaceous gland. Methylcholnnthrene treated rat, 180 days. H & E, 185 X.
Fm. 6. The entire folliculnr architecture has been destroyed by the tumor mass resulting in a bottle
shaped lesion. Note also superficial extension laterally from the ostium replacing the epidermis.
Anthramine treated rat, 277 days. H & E, 185 X.
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In older lesions, the entire gland was replaced
by tumor cells, but characteristically, vacuoles,
probably indicating dissolved lipids, were present
(Fig. 5). By the time the entire gland was in-
volved the adjoining follieular walls, both proxi-
mally and distally showed evidence of basal cell
proliferation (Fig. 5). Frequently, a secondary,
bulge, below that made by the sebaceous gland,
was noted (Fig. 5). The location of this bulge,
being on the posterior surface of the hair follicle
was quite suggestive of the bulge seen in the
growing embryonic hair (2). Eventually the en-
tire follieular architecture was replaced by the
tumor. One common form assumed by older deep
lesions was a broad base bottle shape (Fig. 6) as
contrasted with the funnel shape arising from
the ostium.
Less commonly, an independent origin from
the follieular canal above the opening of the
sebaceous gland could be determined (Figs.
7, 8). These examples, nevertheless, indicate
that the follieular canal itself may also be the
source of basal cell growths.
Further progression of the ostial growths re-
sulted in lateral extensions causing replacement
or undermining of the adjacent epidermis by the
tumor cells (Fig. 9). The staining contrast be-
tween the dark tumor cell mass and the more
eosinophilie epidermis was best seen in hema-
toxylin and eosin preparations. Basal cell pro-
liferations around plugged follieular openings
were also occasionally found.
In biopsy specimens taken at six and seven
months it was not unusual to find several follicles
in the same section, usually about 1.5 em. long,
to be involved by independent growths.
Early lesions were found in both resting and
growing follicles, though more commonly in the
former. Apparently, the hair can continue to
grow as long as the tumor has not destroyed the
bulb.
An interesting incidental finding was the pres-
ence of pigment granules in a superficial funnel
shaped growth taken from a black hooded rat at
six months. This would tend to indicate that
when pigment does occur in basal cell epi-
theliomas it does so at a very early stage.
Another interesting incidental finding was that
of an apparent spontaneous triehoepithelioma
in one of our control rats (Fig. 10). This was a
1.5 em. nodule on the upper lip of a female rat
which had been painted on the mid-back twice
weekly with acetone for 231 days. The acetone
treated rats were kept in a separate cage so that
Fic. 7. Basal cell proliferation from follieular wall above opening of sebaceous gland. Anthramine
rat, treated 168 days, biopsied at 294 days. H & E, 225 X.
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FIG. 8. Basal cell extension from mid-follicular wall. Anthramine treated rat, 180 days. H & E, 225 X.
FIG. 9. Lateral extension of the ostial growth has resulted in replacement of the paler staining epi-
dermis by the mass of small dark staining tumor cells. Advancing border of the tumor is indicated by
the arrow. Anthramioc treated rat, 277 days. H & B, 157 X.
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FIG. 10. Trichoepithelioma apparently arising spontaneously on the upper lip in a rat treated on the
mid-back with acetone for 231 days. The tumor consists uf an almost solid mass of small, dark basophilic
cells, arranged for the must part in spherical nests showing peripheral palisading and central whorl
formation. The nests are surrounded by a basement membrane which stains magenta with PAS. H &
E, 191 x.
accidental contact with a carcinogen would be
unlikely. In our previous study (1), lesions closely
resembling human trichoepitheliomas were found
in areas treated with anthramine. In a study of
spontaneous tumors in a large rat colony, only
two basal cell cpitheliomas were found (3).
However, one of these was also a tricho-
epithclioma. Spontaneous basal cell epithcliomas
in the dog and rabbit have been reported (4).
Material reviewed for this report confirms our
previous impression (1) that basal cell growths
are the first to arise in both the anthraminc and
mcthylcholanthrcne treated rats. Biopsies taken
up to 300 days after onset of treatment revealed
almost exclusively pure basal cell epitheliomas,
basal cell cpithcliomas with sebaceous differentia-
tion (sebaceous epitheliomas), and sebaceous
adenomas. A 1 mm. benign prickle cell papilloma
was seen in each of two methylcholanthrene
treated rats biopsied at 283 days. No other
squamous cell papillomas or carcinomas were
found in either group up to 300 days. Early
proliferations of fibrosarcomas, usually in the
upper cutis, were found in the anthramine group
at eight or nine months. These tumors arc very
common with anthramine and grow to huge sizes.
No fibrosarcomas were found with methyl-
cholanthrene.
Basal cell growths were found in rats treated
with anthraminc for only three months and re-
moved at later dates. Our routine of late is to
stop treatment with both drugs at six months,
since many tumors still result and undue toxicity
can be avoided.
DIscussIoN
In reviewing the sections, search was made for
cpidermal basal cell proliferations which might
be arising independently of the follicular ostia.
This was difficult due to the close proximity of
the hair follicles in the rat. While an interfollicular
epidermal origin could not be ruled out, the very
early small superficial nests seemed always to be
situated on the slanting posterior portion of the
ostium. In this connection, Pinkus' concept of
the pilary ostium as an integral part of the
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follicle, but living in symbiotic relationship with
the surrounding epidermis, should be men-
tioned (2, 5).
The early sites of proliferation could also be
explained by the mechanical tendency of the
carcinogens to concentrate in the ostia, sebaceous
glands and narrow follicular canals. With fluores-
cent microscopy we found both anthramine and
methyleholanthrene, after one application, to be
retained in the sebaceous glands for as long as
96 hours without disrupting the glands.
The finding that a frequent site of basal cell
proliferations is the sebaeeous gland would seem
to indicate that sebaceous epitheliomas, i.e.
basal cell epitheliomas with sebaceous differenti-
ation, probably arise from the sebaeeous glands.
(For a good discussion of this problem, see
Lund (6).)
No inferences are drawn from these experi-
ments as to the origin of basal cell epitheliomas in
humans. But at least they show that these tumors
can arise from any part of the mature pilary
complex.
SUMMARY
A study has been made of the origin of basal
cell epitheliomas in the rat produced by the
topical application of anthramine and methyl-
eholanthrene.
The earliest microscopic foci of basal cell
proliferations were found in the ostia of the hair
follicles, the sebaeeous glands, and the follicular
walls. These were found as early as 120 days with
methylcholanthrene and at 150 days with
anthramine.
The predominant early lesion in the anthramine
group was an ostial proliferation. In the methyl-
cholanthrene rats an origin from the sebaeeous
glands and deeper parts of the follicle was the
most common. At six and seven months numerous
superficial and deep foci were found in both
groups.
Basal cell epitheliomas, sebaeeous epitheliomas,
and sebaeeous adenomas are the most common
early skin tumors in the rat produced by the
topical application of these carcinogens.
Two incidental findings were a spontaneous
triehoepithelioma in a control rat, and the pres-
ence of pigment granules in an early superficial
basal cell nest in a hooded rat.
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